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Production and Use Technology of the Blast Furnace Slag Aggregate for Concrete
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Abstract

Despite JIS adoption more than 30 years ago, the popularization of blast furnace slag aggregate
for concrete has not yet been realized, and sales of this aggregate at Nippon Steel & Sumitomo
Metal Corporation still stand at around 1 million tons a year. In the pursuit of a recycling-oriented
society, the need for the effective use of recycled materials is high. Against this backdrop, we have
introduced recent initiatives with an aim toward the expanded use of such blast furnace slag
aggregate, including the performance of a study on the use of blast furnace slag aggregate as coarse
aggregate for rolled concrete pavement, along with a study on the application of air-cooled slag for
fine aggregate for concrete, etc. In the study discussion on use for rolled concrete pavement, we
described quality control during production and the applicability of air-cooled slag in accordance
with follow-up research conducted after six months from the beginning of use. We also discussed
the problems of using fine slag aggregate and provided examples of our approach toward resolutions.
In addition, we also discussed the production method of fine aggregate for concrete from air-cooled
slag and made an evaluation on the applicability of air-cooled slag for secondary concrete products.
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Standardization of the blast furnace slag for concrete

1977 JIS A 5011 Air Cooled Iron Blast Furnace Slag Aggregate for
Concrete

1981 JIS A 5012 Water Granulated Iron Blast Furnace Slag
Aggregate for Concrete

1983 Japan Society of Civil Engineers and Architectural Institute
of Japan, Practice of Concrete with Blast Furnace Slag Fine
Aggregate

1997 JIS A 5011-1 Slag Aggregate for Concrete, Part 1: Blast
Furnace Slag Aggregate (JIS A 5012 was integrated with JIS
A5011.)

2002 Blast furnace slag aggregate is designated under Law on
Promoting Green Purchasing for Public Works.

2013 Architectural Institute of Japan, Practice of Concrete with
Blast Furnace Slag Fine Aggregate, An application method to
high strength concrete was prescribed.

2013 A rule of the environmental safe quality and the laboratory

procedure.
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Blast furnace slag aggregate shipment results for concrete
in Nippon Steel & Sumitomo Metal Corporation
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Use materials

. Density
Material |Character Term
(g/cm’)
Water W Upper tap water —
Portland blast fi 1 t
Cement c ortland blast furnace slag cemen 304
(B)
Fine
S Land sand 2.63
aggregate
Course
N G Blast furnace slag course aggregate | 2.60
aggregate
AE (air entraining) water reducing
admixture Ad agent (with a lignin sulfonic acid —
compound complex of the polyol)
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&3 (ERABMOIERE EIENME
Kind and physical property of the use aggregate

Density Water solid |Abrasion
Classification (g/cm’) absorption| volume | volue
D, | D (%) (%) (%)

D

Blast f 1
G| HIUMACe SR 5 0 | 254 | 242 | 546 | 331

course aggregate

S Land sand 2.63 | 2.59 1.47 68.0 —

D, : saturated and surface-dry condition
D, : oven-dry condition

x4 BAKERFES

Combination for unit quantity of water examination

No. s/a w/C Unit quantity (kg/m?) Ad
(%) (%) w C S G | (Cx%)
A-1 339 95 919 1205
A-2 43.0 39.3 110 280 902 1182
A-3 44.6 125 885 1160
B-1 333 100 906 | 1188
B-2 | 430 | 36.7 110 300 895 | 1173 | 0.25
B-3 40.0 120 884 | 1158
C-1 32.8 105 893 1170
C-2 43.0 359 115 320 882 1156
C-3 39.1 125 870 1141

s/a : sand-total aggregate ratio

R5 REERSE
Decision of the combination

Unit quantity Bending strength
s/a | W/C
No. (kg/m?) (N/mm?)

% %
(%) | (%) W C S G | 3days | 7days |28 days

43.0 | 41.1 | 115 | 280 | 897 |1175| 3.24 | 4.04 | 4.56

2 |43.0 377 | 113 | 300 | 892 |1168| 3.60 | 4.41 | 524

3 1430|359 | 115 | 320 | 882 |1156| 4.07 | 4.86 | 5.73

VC RED# E O ER % 1T > 720 VC HREDHHE o 5Bk F 2
5, IR 2 60 4 L RE L, 60 4 & DAEIE VC E A
50 Fb & 7 B HATKE 2 ROBA & Pesg L7z PeaE LR
AL BTRERR T 7 R AR5 IR, FFE
D, 428 HIZBIT TS B L 3 E A I
5.7N/mm? % i /2§ AE A1 No. 3 D W/C 35.9%, Hifit A
v ME 320kg/m® TH B EXTER L7,

2.3 MMM

EIAAT 7HEM % H L7 RCCP (Roller-Compacted
Concrete for Pavement) O @, #isxc SOt T
BIOHHBZO VD ENBEOE IR ELRTERT 5720,
TP ERERE T2 0t L 720
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BIAAS 7gM e @A L2 RCCPIE, ¥ T hTv o
THRAL, fEIcid, 28 Y — b2h, Eirhokgso
AEEIH L 72, B UL, SRR IIT A7 7V b7 4
Zy U XIZTITYY, B3 L o#EE L, 0.8m/min, SRR
5~7%& L7z B3 L1R, WL %S & OME RITiRE
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W ORFE D E T 96.3%AMF 5, B Z2HfEH AT &
72 (BE1),
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WA RF O E SR L LT, VC IRBREE DR B L
OHI TSR RER 2 1T CTB D, 5IE VC IHIZEEE % T 36
. 3002 T 51 RS, 60 3T 498, HILTRREE IZH 4 28
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BE1 TXIT7IWERT4ZydvIl&2BHEL
Roller after spreading the material with an asphalt finisher
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I Existing | : A
flatnes ~ ""°"" ;:%sfisléection L 2 Step of the seam
O slip property Fixed point photograph (mm)
X3 RAEREERR
Investigation and measurement spot
R6 FrAMRERR
Flatness-related investigation
Item Period for investigation 1 lane 2 lane
Flatness In-service front 333 423
(mm) In-service six months later 3.88 443
(1) FrzAlk

Tl AR R ERE IR T, BHAHRETE 6 2 HEROF 7
AMIRFEREETH Y, I L DL A2 LT
BDOLNL o720 W, Tz AVEDRIERSEE R RIX
HMOESIZE-oTEILL, MEORWELAMEHE L7720
121, XHEE 100m DL EE T2 0E D HHEINTNDS Y,
KRBT, ELERED 24m EH V200, — ki3
HEH 24mm £ ) K& CIE S N7228, B OEITHFICK
[Ex X729 0TI %, MEITZRWEEZ TV,

(2) VUEINR

HEHIET, ZBARWNEL L 77 AF v 7 a0 UELE
MR SN o7z Tz, BEHE P ABROTEIZBNTD
R BRI S 2 5 O UNEINGRIL, MERR SN h o720

(3) HHiOB=
HEH R B X OMEH 6 20 H 2 O F4C H #b 0 Z2 b1 52
ENBnol,

(4) XD IEHUAE
BHYVFRAFY FLY AT VAT AZIZ L BT T
fili (BPN) DEIEREEZE 4127 M4 DI IR E
20CICHEIE L7297 R IEHUHEE R L T Do K150 BPN
GREEMIER) &, ftHwr, StHe AL bIZ, 3T
B TIRYIBIUEO HEME 60 DL & oz £z, i
HHEIA S 6 2 B2 BT 2 Z 03T IEHHEIC S K
ERZLIERZTONT, BRETLTWwanbolEb
Nbo

Z 512, DF (Dynamic Friction) 7 A% |2 & A @A
R DOMEEIT> T b, AT, HH62HRZIZBWT,

— 105 —

100 In-service front(winter) L
[ In-service six months later (summer)
80

60

BPN (after the temperature)

No.3 No.4

No.2

No.1

X4 BPNOEIERER (BEHIER)
Result of a measurement of BPN (after the temperature
correction)

HIEHE 40km/h, 60km/h, 80km/h @ 32 B\ TEIHI
L724E3RIE, 3T ollS CHIAY ISR O HiEMHE 0.3 DL
Lo fERfERE L7, 70, MmO MH6 2 HICE
V5 &M E OB BERE DO ZEALIZ DT TH Y 9, HEhE
TFLTWARWwEEZHN5,

25 &8

B A S 7 MA R O RCCP ~O5E HVEZ it L 7k 3,
UFDZ ENnHLNE 572,
OZEMRERTIE, FWERE 20COEETTTIY Mo

B~ TEHRHEH] % 60 73 L ARGE L CRLAXET 21T o728 2

%, B KR 115kg/m?, Hifr+ 2 > M 320kg/m® & 25720
Q@FEBEOMIL T, fMixROBIEVCHESIEHEsZ L

MWTEZ T2, PRI 4 28 HT 5.9N/mm? & H

A L7,

@FI LI, EREEOIIT 27 7V b7 4 2y ¥ vk
O i [ & BE T 96 %,  FHE I 14 O #i 5 D FE T 97.5%,
H ETHERFE O EOEE T 99.8% 25550, B 7/
D TET,

@HLHHET, fHZ6 AT TOREATIE, B 0UENnE
DEERTRYIEO K E LB bIE %R L, HREK TS
ROENL o7,

DI Eo#ER LY, mIF AT 7 AGH 0 RCCP ~0 i ik
BwTiE, s BT, ERIIREZR ) IS B
ThbIErMRR LI, SabEMNERELZIT, BIF
A5 7 HMAEH FHEH L 72 RCCP DFAEIZ & 2 b o 3iE
MBI RN D 20D T — 7 FREICHUH A, EIEE
% AT 7R O RCCP ~O % 5 L Tw <

3. MEEMF A

31 BIFK#BZXZ 7037 — MAEMELTD
=2l

D EFEAZ 7B, EIETHSER, ESE SN
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27— bOBEGEEHHN L SN TWBDS, BB
THHSIN TV RREM R WA OFE LB 2 TEF
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CERFHE S S L ETEELRIETHLEER S,

3.2 BIFK¥EZ S THIEMICE T 2 BUE A5

BIFKIEA T 7Oy 7)) — MEM L L ToOF%RE
EHIRD 2 [ TH DA, Z IS FRRER YT 72 BHLA O
Bz LU NS %o

1) RS O]

AT TR OEFEEEIC I, EEFTEORE I
U CREARIEA % B/ L T\ 50 BIFAT 7O/,
X2 b OFER &AL < Ca0-Si0,-H,0 KHII DA X % b
DEEZEZENTVEDT, JBIERIOEEIZHT-o Tkt A
Y FOEFSRIER OR 2L IEGEEL, ET7—IVFETO
REMERL TRD

72, EREEEH ORER R % 2= ILIR S 5158
HANTBYNS, ZORT, BIEHIO1IO>THLZ VI
F&F bV AOREFEIZIEER L, Langmuir-Freundlich 1o
WAEIZLDEEZHN, WAEFRROBHIZ L > CHEMEE
R ERALL, BNEOKFEZHS 2L LTV 5,
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A Air-cooled 1 Crush sizing plant

. ) particle size:20~0mm

11
~

particle size:
40~20mm

—

magnetically attractable l—‘;.
substances !

Y- N IR 4

particle size: particle size: particle size:

20~15mm 15~5.0mm 5.0~2.5mm

~—
@ 13 magnetic

P @m

10~ 60%DEETRAMHEIN TS LN TS Y, &
DEI RV Y VDIEGRERIIBIT A3 7)) — bOKEE
YRS P 2720, FAORRIGIZWN L CEFAS
THIEM OREGEE 20~80% L ZAL S EDAT v
TRIEMEIREE L OBREHRTVE 0, ZORT, EIFA
T 7B MIREZE AT 7R EMEREE (ISR 72 B FRIE
R onnds, REMEMOFEERE AT ¥ FICIZIE LA
DOBRDBEONLZ EZHOE NI L T\ 5,

33 BF@®AZXS IO 7)) — FEREMER

(1) MIEMIE~OFATREE

B Smm KiMOBEF RS AT 7 %223 7)) — MME
BELTHMTSI21E, OIS A 5011-1 BUAEAH Y % fi L3
LIEENEED, QEFRE AT 7 OMEM x A ET 5
728, NS FREXN RO E 7 28, MG 2 EH L
7oL RE D, HAREE 2 Do

ZFIT, EOIRL T, BEREERYGETAZET
PR, FREOI LT, 2o 7)) —  TREGH
WOMEM & L CHEHMBELZIFT, HBREOY Y1 7 LH
IDFREER ST H 2 & CTRMILEZER L7z MUT, A
FHEDOWTHTRIZHE RS,

(2) g0t

PR DOBEIFRGE A T 7 087 0 A TR 5%
$, WESAIZBWTHIEDMEANMLE TE R\, £ T,
Wik 75 o ML RO 2 5 2 (R < 20mm) 126 LT,
O OIREYEitk % EA

@A 7 v v B O

whiti L7zskf (DUF, X077 beRRT) Ick o
170 Y ABASE R R L 720

1) ZEEERR

B 528k 7 7 b OIS & IR, BRI L7
FIREG AT 7% ks 2 14, 16 6L, ol
DR T %m0 28R A 20 18 2HT 4k
e & L7z

14 Primary wet vibrating 18 Wet cyclone apparatus
screening apparatus l/'
[ {

particle size:  particle size:
2.5~0.075mm 0.074~0mm

5 ERPKRT T MEBEE
Wet process classification plant diagrammatical view

#roH g fE 4 F o#t 83995  (2014)



aA> 7 — FEBIFEZX T JEMORIE & FI R

2) B IRBYAT T

BIRE R ORI OIRATIC X DAL AR B3 B Bk
an B A e S 5720, WA R Lk O Ve
Brdiai7) (X6).

3) A o0 E R

2 ROEARIRBYFHED A T 7IRA KIGBRIREG 21 7 1
CEOTEERN (R7) 2HWAZET, 2.5mm Kok
BATThE, MEHE BRI 2 2 & 20 HEs Lz,
4) HEpEME

AR A E A L 7RI LR FT C O 43 #REE ) O RREE D
KR, TR OGN G352 L 2R L T b,

(3) mkFtRE 2 7 7 E M OEAERE
1) EIRiRE A Z 7B OREA I RE
R7TIHFEL2EFREG A 7 7 #mo J1S L O %R

water sprinkling

rav&naterial.
&
o.®:

vibration

e
screen ;?. ?“, ‘ .
Qe ... the removal of
Ceao the fine particles .
[
K6 EREARNICLIED T A—TVK

Figure of screening image by the wet process screening
method

FHEESO 3R L Tar 7 ) — b 2K BT
e U Conn BRI Fh L 720

T HURIER B X Ok g7 s 132 S 4 IS A4 % 143 2
THMHEIMELN.

2) EIFRRIE AT 7S ORG
RBIZHFE L 72 Rin A 7 7 O AT 2R d o fEsk
L0 J1S TRE, BEGEL TV ARES ~ 20mm OHLE

MERET ABICFET LE T2 MM L Tha7co, o

12 &2 i E T
3) a2 — b IRELA O FRRES
JIS A 5011-1 T, EIFA T ZlEHIZBEMA T 7% &

WL CHERE L D EBESN TS, —T1, RR%E

OMEMIFH AT 7 b3 5720, JIS FER 54
DEmE R Do FC, A7) — b 2REED JIS BAE
me L CRREISA HIEL, LR > 2 ) — MG
FALE, H#EE k) Gl OEEE RS 785 (7)),

ke

//‘ —>
—/ Slag mixture water

(particle size < 0.075mm)

Slag mixture water
(particle size < 2.5mm)

Slag mixture water
(particle size = 0.075~2.5mm)

X7 Y470 008E, X —JK
Figure of cyclone centrifuge image

K7 BIFFHEEXZ7TERD IS &EDEHE
Comparison with the Japanese Industrial Standards of the blast furnace air-cooled slag product

New product Reference
. JIS A5011-1 . .
Test items (BFS2.5) (wet process screening) (dry process screening)
’ Acceptance Value Acceptance Value
. Dispersion <+0.1 +0.5
Fineness modulus o x
<+0.2% (2.1-22) (23-33)
Mass of unit volume (kg/l) > 145 o 1.7-1.8 o 1.7-1.8
Density in absolutely dry condition (g/em?®) >25 o 2.75-2.81 o 2.82-2.88
Water absorption (%) =35 o 1.7-2.6 o 1.2-27
Finer than 75um sieve (%) =7 o 38-64 x 9-14
Acceptance : o...Pass x...Fail
R8 BIFRXT T DILERMME

Chemical ingredient level of the blast furnace slag

— 107 —

. Blast furnace slag fine aggregate blast
. JIS A5011-1 Air-cooled slag fine aggregate
Test items (BFS2.5) furnace slag course aggregate
Acceptance Value Acceptance Value
CaO =450 o 38-42 o Avg. 42
Chemical composition S =20 o 05-08 o Avg. 0.7
(%) SO, =05 o 0.10 - 0.44 o Avg. 0.3
FeO =30 o 0.5-0.7 o Avg. 1.2
Acceptance : o...Pass x...Fail

ooH 8 E & #H 83995  (2014)
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Preservation period (days)
0 28 56 84 112 140 168 196

blast furnace
-100 - slag 100%

blast furnace slag 100%

natural sand +
~®granulated blast]
furnace slag

— specified value

: Good range

-®- natural sand

Rate of change of the length (x10)
1

X8 &EMiEfEERIZTILEDRER
Relations of kind of the aggregate and the rate of change
of the length

=

Ry

E 0.55 leeding of the normal concrete = 0.5cm3/cm2
0.50

L

@ 045

2

9 040 . . .
mix proportion:water-cement ratio 55%

T N
0 50 100 150 200 250 300

Elapsed time (minutes)

X9 JU-—F 1 UEOREE(L
Relations of elapsed time and bleeding

4) G ETATREF

O Sz I O FFAM

X 8 |ZFABRA DA & B SZLEROBRE RS K
PSS DEIFEES A T 7 E SRR BN T D 2
EDHERR S T2,

@7Vyyaarz)— MEROFI
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v TR R T LA, BB R RS, B
b, TN =T 4 v T DEDRD TR B2 PER
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@ar 7)) — kB E LT O

FOIZT V7)) — KRB BT A dn B AR R O 5l
R o MR &, W ERED GRS S S L,
5) RREM

HIR O EEHIiORE R, EERE A T 7 fllE M & v 7z
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Characteristic evaluation result as concrete secondary

products
(example: pre-cast U type gutter)
Item Specification Evaluating results
Strength of Compression strength
. thereof after two weeks | o | Avg. 38.0N/mm?
materials
(JISA 5372)
Water-cement ratio o Mix proportion
JIS A 5364 design 49%
Durability of ( ) esign o
Total amount of alkali
concrete secondary o | Avg. 22kg/m?
(JIS A 5308)
products ‘ I
Quantity of chloride ion
o | Avg. 0.04kg/m?
(JIS A 5364)
Thing at prescribed
Bending strength ber%ding strength .load o No crazing in
without the crazing 18kN
(JISA 5372)
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